Background
Myocardial infarction (MI) or acute myocardial infarction (AMI) is a major cause of death worldwide and is defined as massive cell damage (necrosis and apoptosis) due to the suspension of the blood flow in a specific part of the heart [1] . The prevalence of MI in China has witnessed a dramatic change as the Chinese economy developed over the last 2 decades and the mortality from ischemic heart disease has doubled and exceeds 1million deaths each year [2] . These figures appear to be increasing due to lifestyle-related stress and the growing aging population. In addition to coronary artery disease, particularly coronary atherosclerosis, other recognized risk factors include smoking, obesity, diabetes and genetic variants [3] . Due to limited the regeneration capability of cardio-myocytes, AMI therapies mainly focus on cardiovascular remodeling to prevent further impairment of the myocardium and thereby restore cardiac functions [4] .
MicroRNAs (miRNAs) are non-coding small RNAs with an average length of 22 nucleotides. They induce post-transcriptional gene silencing by binding to the 30-untranslated region (UTR) of target mRNAs [5, 6] . The epigenetic mechanism of miRNAs has an exploitable regulatory point contained in gene expressions, many of which are related to human disease. Therefore, circulating miRNAs have been verified as biological markers for early diagnosis of disease and they provide therapeutic targets for cardiovascular disease [7] . Several protective regulators in cardio-myocytes have been reported, including miR-24 and miR-214, while the miR-15 family is considered to be a negative regulator [8] . Among these miRNAs, miR-126 is highly expressed in vascular endothelial cells and is reported to play a role in post-infarct remodeling and other pathophysiological processes by targeting the VEGF-A gene [9, 10] . Furthermore, it has been discovered that the down-regulation of miR-126 in gastric, oral, and metastatic colorectal cancer stimulates angiogenesis through the up-regulation of VEGF-A, suggesting a potential therapeutic strategy for preventing the neoplasm process via antagonizing the down-regulation of miR-126 in tumor tissues [11] [12] [13] . VEGF-A is an important angiogenic molecule and a 46kDa dimeric peptide that plays a key role in vascular growth and regulation. The down-regulation of miR-126 enhances cardiac repair in the infarcted heart and protects cardio-myocytes from ischemia injury [14] . In addition, serum miR-126 is believed to be a prospective biomarker and its down-modulation is usually observed in AMIs [15] . Studies have provided evidence for potential angiogenesis mediated by miR-126 in vitro and in vivo; therefore, we suspected that the interaction between miR-126 and VEGF-A is likely to have substantial influence on angiogenesis and may be an alternative therapeutic target for AMI.
On the other hand, rosuvastatin has the effect of inhibiting the cholesterol biosynthesis by its binding to HMG-CoA reductase, which further restores dyslipidemia and prevents arteriosclerosis (AS) and AMI. Rosuvastatin has shown angiogenic activity by changing cytokine expressions, including the expression of VEFG-A [16] . The inhibition of TIMP-1 and TIMP-2 are thought to be the potential mechanisms because TIMP-2 exhibits an antiangiogenic property that enhances the expression of VEGF-A and ER-a [17] . On the other hand, rosuvastatin is able to preserve and restore heart function through the regulation of VEGF-A when acute myocardial infarction occurs [18] . Compared to the conventional hypolipidemic effect of rosuvastatin, studies have provided little evidence of the above mechanisms and there is no study on the association among rosuvastatin, miR-126, and VEGF-A in AMI.
The present study explored this potential mechanism in the combined treatments of miR-126 inhibitors transfection and rosuvastatin to assess whether miR-126 inhibitors and rosuvastatin could protect the cardiac tissues once AMIs occur.
Material and Methods
Cell extraction and cell culture SD rats (Laboratory Animal Center of Southern Medical University) with an average age of 2-3 months and an average weight of 225-350 g were obtained to construct acute myocardial infarction (AMI) models, from which bone marrow mesenchymal stem cells (BMSCs) were isolated.
BMSC cells from rats were isolated using the density gradient centrifugation method [19] . HEK293T cells were purchased from the Institute of Biochemistry and Cell Biology (Shanghai). All cells were cultured in Dulbecco modified Eagle medium (Gibco, Carlsbad, CA) with 10% fetal bovine serum (Gibco, Carlsbad, CA) at 37°C in an incubator with 5% CO 2 . Proliferation of cells was inspected using 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) assay and changes in cellular morphology were observed under a microscope.
MTT assay
MTT assay was used to analyze the proliferation of myocardial fibroblasts for each group. A total of 3×10 3 cells were cultured in 96-well plates and incubated for 24 h and then stained with 0.5 mg/ml MTT for 4 h. After that, supernatant was discarded and 200 μl of dimethylsulfoxide (DMSO) was added to dissolve precipitates. Samples were measured at 490 nm using an ELISA reader.
Luciferase activity assay
The 3'untranslated region (UTR) of VEGF-A, which contains miR-126 binding sites, was amplified using polymerase chain reaction (PCR) with prime sequence shown in Table 1 and was cloned into the downstream of the psiCHECK-2 luciferase vector (Promega, USA), named as wt 3' UTR. The binding site was intentionally mutated using the GeneTailor Site-Directed Mutagenesis System (Invitrogen, USA) and the resultant mutant 3' UTR was cloned into the same vector, named as mu 3' UTR.
BMSC cells maintained in 48-well plates were co-transfected in 2 groups: one group was co-transfected with the combination of 200 ng pGL3-control luciferase reporter, 10 ng of pRL-TK vector and miR-126 vector, and in the other group miR-126 vector was replaced by the negative control vector. The transfected cells were analyzed by the Dual-Luciferase Reporter Assay System (Promega) 48 h after their transfection.
Lentivirus transduction and transfection
Two types of fragments containing separate miR-126 mimics and miR-126 inhibitors were cloned into the pCDH vector. Then, the pCDH vector, together with other packaging plasmids, was co-transfected into cells using the Lipofectamine LTX kit (Invitrogen, CA) and the viral particles therein were collected 48 h after transfection.
BMSC cells were infected with 3 types of recombinant lentivirus and 8 ug/ml of polybrene: the control BMSC (cells were transfected with the control vector), the mimics BMSC (cells were transfected with miR-126 mimics), and the inhibitors BMSC (cells were transfected with miR-126 inhibitors).
Animal model
We obtained 80 SD rats and they were randomly allocated into the control group (n=10) and model group (n=70). An AMI model was induced by ligating the left anterior descending coronary artery (LAD) of rats in the model group, while rats in the control group were treated with sham operation.
All rats in the experiment were further subdivided into 8 groups at 2 weeks after the operation: the control group (10 rats with sham operation, PBS was injected into the infarct region, 4-week intragastric administration of the solvent); the model group (10 rats had PBS injected into the infarct region, 4-week intragastric administration of the solvent); the model + rosuvastatin group (10 rats had PBS injected into the infarct region, 4-week intragastric administration of the rosuvastatin); the transfection control group (10 rats were injected with BMSC cells transfected with the control vector into the infarct region, 4-week intragastric administration of the solvent); the miR-126 mimics group (10 rats were injected with BMSC cells transfected with miR-126 mimics into the infarct region, 4-week intragastric administration of the solvent); the mimics + rosuvastatin group (10 rats were injected with BMSC cells transfected with miR-126 mimics into the infarct region, 4-week intragastric administration of the rosuvastatin); the miR-126 inhibitors group (10 rats were injected with BMSC cells transfected with miR-126 inhibitors into the infarct region, 4-week intragastric administration of the solvent); and the inhibitors + rosuvastatin group (10 rats were injected with BMSC cells transfected with miR-126 inhibitors into the infarct region, 4-week intragastric administration of the rosuvastatin). All rats were inspected at 6 weeks after the operation.
Echocardiographic measurement and tests of myocardial injury markers
Rats in each group were inspected with echocardiographic measurement (ATL-HDI5000, 15 MHz linear, and 12-MHz sectorial scanheads) 6 weeks after the operation. Six indexes were examined: including left ventricular ejection fractions (LVEF), fractional shortening (FS), left ventricular end-systolic volume (LVVs), left ventricular end-diastolic volume (LVVd), cardiac output (CO), and heart rate (HR).
Myocardial injury markers contained in blood samples -creatine kinase (CK), CK Isoenzyme (CK-MB), and Troponin I (cTn I) -were tested by the double antibody sandwich enzyme-linked immunosorbent assay (R&D, USA). 
Hematoxylin-eosin staining
Rats in each group were sacrificed using the injection of xylazine hydrochloride 6 weeks after the operation. Tissues extracted from infarct regions in the left atrial were harvested and treated with 4% paraformaldehyde. Five-μm-thick paraffin sections were embedded and then stained with HE assay. Samples were checked under the microscope and measured at 5 randomly selected sites.
RNA isolation and RT-PCR
Total RNA from tissues or cells were extracted using TRIzol reagent (Invitrogen). The ReverTra Ace qPCR RT Kit (Toyobo, Japan) was used to reversely transcribe total RNA into cDNA and real-time PCR (RT-PCR) was performed using THUNDERBIRD SYBR ® qPCR Mix (Toyobo, Japan) and the CFX96 Touch RealTime PCR Detection System (Bio-Rad). The relevant primers are listed in Table 2 . Target gene expression levels were normalized to those of the control gene (GADPH) and were calculated using the method of 2 -DDCT .
Western blot
Tissues and cells were harvested and lysed by radio immunoprecipitation assay (RIPA) buffer. Total protein was separated and evaluated by the Bradford method [20] . Then, the total protein was denatured in boiling water and transferred onto polyvinylidene fluoride (PVDF) membranes when sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was completed. The membranes were blocked in Tris-Buffered Saline Tween (TBST) with 5% skim milk for 1 h and then they were treated with primary antibodies against VEGF-A (1: 800 dilution, Zhongshan Biology Company, Beijing) at 4°C overnight. After membranes were washed, they were incubated with secondary antibodies (horseradish peroxidase-conjugated goat anti-goat, 1:2000 dilutions, Zhongshan Biology Company, Beijing). Samples and reduced glyceraldehydes-phosphate dehydrogenase (GAPDH) as the endogenous control were ultimately processed with enhanced chemiluminescence and quantified using Lab Works4.5 software (Mitov Software).
Statistical analysis
All statistical analyses were performed with SPSS 18.0 software (Chicago, IL). Data are presented in the form of mean ± standard deviation (SD). Two-tailed Student's t-test or oneway analysis of variance (ANOVA) was used to assess significant different among different groups and P<0.05 provided evidence of statistical significance.
Results

MiR-126 suppressed VEGF-A expression by binding to the 3' UTR
One highly conserved miR-126 binding site is likely to situate in 3' UTR of VEGF-A, which is consistent with the results provided by miRanda software ( Figure 1A ). Luciferase activity assay confirmed that there is a direct interaction between miR-126 and VEGF-A. Apart from that, miR-126 transfection could significantly decrease the relative luciferase activity in HEK293T cells when miR-126 was bound to normal 3' UTR of VEGF-A (P<0.05). Nonetheless, there was no significant difference in luciferase activities between NC and normal cells containing miR-126 for both groups of control and TIMP3 mutation 3' UTR (Table 3, Figure 1B ).
In vitro cell culture
As suggested by MTT assay (Figure 2A) , the growth curve of BMSC cells depicted an "S" shape. Briefly, the growth of cells stayed in a logarithmic phase from day 6 to day 11 and peaked on day 12. Furthermore, cells at various growth stages had different cell shapes, as observed by the optical microscope (×400). For instance, cells at early stages were usually large and round ( Figure 2B) , while those at late stage appeared to have shuttle or polygon shapes ( Figure 2C ). The final selected cells were purified BMSC cells that had undergone more than 3 generation passages ( Figure 2D ). 
Expressions of miR-126 and VEGF-A in transfected cells
As shown in Table 4 and Figure 3, 
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Results of echocardiographic measurement and myocardial injury markers
Compared with the control group, rats in the model group had significantly lower LVEF, FS and CO as along with significantly higher LVVs, LVVd, and HR (all P<0.05, Table 5 , Figure 4A-4F) . Moreover, the above physiological indexes among 5 groups of rats (model + rosuvastatin, transfection control, mimics + rosuvastatin, miR-126 inhibitors, and inhibitors + rosuvastatin) were extremely close. However, the cardiac capability of rats in these 5 groups appeared to be more favorable than in the mimics group. Of note, 5 inter-group comparisons were observed to be statistically different with respect to LVEF and other indexes: comparisons between groups of model + rosuvastatin and model, groups of miR-126 mimics and model + rosuvastatin, groups of mimics + rosuvastatin and miR-126 mimics, groups of miR-126 inhibitors and miR-126 mimics, groups of inhibitors + rosuvastatin, and control (all P<0.05, Table 5 , Figure 4A -4F). The expression of myocardial injury markers -CK/U, CK-MB/U, and cTn-1/U among the model, transfection control, and miR-126 mimics group -appeared to be similar.
For myocardial injury markers -CK/U, CK-MB/U, and cTn-1/U -the expression within groups of model, transfection control, and miR-126 mimics were fairly similar and were higher than those within the control group. Nonetheless, the other 4 groups -model + rosuvastatin, mimics + rosuvastatin, miR-126 inhibitors, and inhibitors + rosuvastatin -showed significantly lower Figure 4G -4I).
Result of HE staining
As shown in Figure 5 , various symptoms, such as disordered fibers, broken nuclear, condensation nuclear, and fragmented myocardial, were discovered in the MI area of rats in both the model and mimics group ( Figure 5B, 5E ). In contrast, cardiac tissues after AMI were protected after treatments of BMSC, 2332 miR-126 inhibitors transfection, and injection of rosuvastatin ( Figure 5C , 5D, 5F, 5G, respectively).
Expressions of miR-126 and VEGF-A in cardiac tissues
As shown in Table 6 and Figure 6 , down-regulated miR-126 and up-regulated VEGF-A expressions were both observed in MI models. Furthermore, this trend can be differentiated using triple treatments (i.e., injection of BMSC cells, miR-126 inhibitors transfection, and rosuvastatin). Additionally, 5 inter-group comparisons displayed significant differences in the expressions of miR-126 and VEGF-A, including comparisons between groups of model and control, groups of miR-126 mimics and transfection control, groups of miR-126 inhibitors and transfection control, groups of miR-126 mimics and mimics + rosuvastatin, and groups of miR-126 inhibitors and inhibitors + rosuvastatin (all P<0.05, Table 6, Figure 6 ).
Discussion
This study investigated the role of VEGF in the effects of miR-126 and rosuvastatin on myocardial infarction. VEGF is an important neovascularization regulator that can effectively enhance the establishment of collateral circulation in ischemic myocardium [21] . The main mechanism of VEGF related to angiogenesis is its specific effects on vascular endothelial cells, inducing endothelial cell proliferation, sprouting, migration, and luminal formation [22] . The VEGF gene promoter region contains the hypoxia-inducible factor-1 (HIF-1) reactive element, which directly induces the expression of VEGF under hypoxic conditions [23] . Animal and clinical trials have demonstrated that the expression of VEGF was increased in myocardial infarction [24] . We examined the expression of VEGF-A in myocardial infarction using a rat model and discovered that VEGF expression appeared to be increased.
MiR126 is specifically expressed in vascular endothelial cells and vascular smooth muscle cells and has an important role in the process of angiogenesis through regulation of cell proliferation, differentiation, and apoptosis [25] . Moreover, MiR126 can directly target Spred1 and PI3KR2 and enhance the VEGF signaling pathway. When miR-l26 is down-regulated, the overexpression of Spred1 and PI3KR2 inhibits the MAPK and PI3K signaling pathway, which affects angiogenic factor signals and results in the disruption of angiogenesis [26, 27] . This study discovered that mice with knockout miRl26 could not form complete vessels and some mice died in the embryonic period. Apart from that, mice survived during the embryonic period, ultimately dying from cardiac rupture or myocardial infarction due to vascular abnormalities [26] . Yang et al. also demonstrated that miR-126 could inhibit the expression of VEGF and disrupt its functions in oral squamous cell carcinoma [28] .
We transfected miR-126 into BMSC cells to assess the relationship between miR-126 and VEGF-A in vitro and in vivo. The injected miR126 inhibitors contributed to an increased expression of VEGF-A and further experiments discovered that miR-126 could target the 3'untranslated region of VEGF-A and inhibit its expressions. Then, we constructed a myocardial infarction model to further demonstrate the above results. Lower expression of VEGF-A in the group of BMSC cells transfected with miR-126 mimics was observed compared with the miR-126 inhibitors group. The myocardial infarction model suggested that myocardial injury was moderated for those groups with increased VEGF-A expressions, suggesting a potentially protective effect of VEGF-A on cardiac functions.
Statins are HMG-CoA reductase inhibitors that can reduce the synthesis and secretion of intracellular cholesterol, facilitate serum cholesterol removal, and inhibit the synthesis of apolipoprotein [29] . The effect of statins has been recognized in the prevention of coronary heart disease [30] . In addition, recent studies have found that statins have other pharmacological effects, including narrowing of atherosclerotic plaques, antiinflammatory or anti-oxidative stress, and improving endothelial cell function [30] . Furthermore, statins can significantly reduce the incidence of long-term cardiovascular events [31, 32] . Our results also show that myocardial injury was significantly reduced for rats given rosuvastatin compared with the control group. The myocardial infarction model suggested a further decreased expression of miR-126 and a highly increased expression of VEGF-A in rosuvastatin groups compared with control groups. Therefore, we suspected that rosuvastatin might have a protective effect on ischemic myocardium through reducing the level of miR-126 and increasing the expression of VEGF-A.
The limitation in use of lipid-lowering drugs (statins) is the intolerance of certain patients to them, and nutraceuticals may be safer. It has been documented that combination therapies of statins and nutraceuticals (e.g., fish oil supplementation and berberlin) can facilitate more reductions of total cholesterol and triacylglycerol than can statins mono-therapy [33, 34] . Dosages of statins in the combination therapy would be dramatically lower than in mono-therapies, and thus the adverse effects induced by statins could be avoided to a greater degree. Further in vivo investigations are needed to exploring the effects of nutraceuticals on AMI.
Conclusions
In this study, rats with myocardial infarction were used to explore the relationship between rosuvastatin, miR-126, and VEGF-A. As suggested by the myocardial infarction model, there was a decrease in the expression of miR-126, but VEGE-A expression levels increased. Rosuvastatin also inhibited the 2333
